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Your File; Item 3k 

Bear Mr. Heifer leh: 

Mr. B. 8. Bovidow of the MeComao Research Center of Philip Morris, lac., on 
September 26, i960, disclosed to ate the results of an investigation in which an 
electrostatic type filterfor, cigarettes was produced and tested for efficiency. 

The work was done by Mr. Ralph Mitchell of Bettelle Memorial institute under the 
direct ion of Mr. Devldow. Confirmatory experiment a were conducted at the MeCemse 
Beseareb Center. 

Conventional methods of cigarette smoke filtration employ a fibrous filter in 
which the fibers are essentially parallel to the filter axis. Some of the filters 
are composed of s paper matrix crimped so tbst the channels run parallel to the 
filter axis. Various additives have beam placed in the filter to increase 
efficiency. These include fine particles of rice starch, cellulose derivatives, 
and many others. For ell of these filters, any increase In efficiency is accom¬ 
panied by an increase to the pressure drop through the filter. 

Mr. Devldow and the personnel working on the pro4@ct st Bettelle have now invented 
sn electrostatic cigarette filter that is capable of increasing filtration efficiency 
significantly (30-50$) over that of the conventional types of filters, as measured 
by the comparative difference in the efficiency of the regular untreated Marlboro 
filter versus the impregnated Marlboro filter. The filter efficiency is improved 
without increasing the pressure drop and without significantly increasing the cos' 
of the filter. 
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Electrical type filter* tier* described to the early 1930*» to the Hanaen British 
Pstent Bo. 38^,052 sad to a number of Pirelli British Patents. Catty sad Frank at 
the Colloid Solenee Laboratory, Cambridge, hare some unpublished papers on the soda 
of action of the eleetrleel type filter. Some work oa electrostatic filters was 
done at Porton, England, to 19^5-^T. 

this early work resulted to s resin-impregnated wool filter. (The resin usually 
was para- tertiary butyl pheaol-fomaldshyda.} The presence of resin increased the 
efficiency of the filter without appreciably altering the pressure drop through the 
astrix. the increase in filtering action was attributed to a combination of two 
neebanlaaei 1) the combing or carding process broke the resin fils into snail 
particles and created a charge by the friction of these snail units upon each other, 
the coaib, end the wool fibers! 2} the fibers were charged locally by toage end to- 
duetto* forces from tbe charged resin portlelea to such a way as to ask* them more 
negative or acre positive than tbe particles, thus creating an electric field. 

This electrical field also aided to keeping the resin particles to the filter body. 
Sigh humidity conditions destroyed the electrical effects of the impregnated filter. 

Over the lest few years the sir cleaner industry has bean using electrostatic filters 
Of tb* Cottrell type involving Mgh voltage supplies and ease types coapoaed of^ 
polyasr fibers (polystyrene for example) to take advantage of the electrostatic 
properties of these materials, dll of these filters fail under high humidity con¬ 
ditions. 

In 1999 and 1956, T* Gillespie of the Department of Physical chemistry, King's 
College, University of London, published two papers (Journal of Colloid Science and 
Canadian Journal of Chemistry) on electrostatic precipitation based on the work at 
Fort on. Ha analyzed tbe system physically and mathematically and did a Halted 
eaount of experimental work on the phencmeaon. 

to i 960 , Mr. Mitchell at Battalia, under the direction of Mr. Savidov from Philip 
Morris, toe., investigated the electrostatic effect from several angles and demon- 
strsted that it is possible to increase cigarette filter efficiency by depositing 
polystyrene latex beads frost an aerosol or a liquid sol onto a standard cellulose 
acetate filter, thereby inducing a static charge to the filter, the polystyrene 
latex was deposited from a dry aerosol (polystyrene in air) and from a hydrosol. 

The polystyrene aerosol was generated in two ways. In the first esse, a dry powder 
of polystyrene latexes was aersolized with a nebulizer and the resulting aerosol 
drawn into and deposited on the filter. In the second esse, a polystyrene hydrosol 
was aerosolized to a high velocity jet of dry air and the water allowed to evaporate, 
leaving behind a aerosol of polystyrene latex beads. Tbe resulting aerosol was then 
drawn into the filter. Where a dry dust was used, the particle size distribution 
ran from 250 microns down. r wfaea the hydrosol was used the aerosol was essentially 
monodlaperse. Several sizes were used, ranging from 0.088 micron to 1.17 microns. 


Source: https:/. /vw.industrydocuments.ucsf.edu/docs/trpj0000 


2028658396 




Mr. £. R. Self©rich 


3 


October 26, I960 


The latex Bay also be applied by dipping the filter into a liquid suspension 
followed by • drying operation to reneve the solvent. Care must be exercised to 
prevent complete coverage of the surfaces involved* Complete coverage would destroy 
the electrostatic field because there oust be e difference in relative charge for 
such a field to exist, in all ay steam investigated it has been noted that the cover¬ 
age must be less than 50$ to display the electrostatic effects. 

The charge generation is attributed to friction of the gases serosa the polystyrene 
surfaces in s manner somewhat analogous to tribo-eleotrie charging. The cellulose 
acetate takes on an induced charge as a result of the presence of the polystyrene 
spheres. Uncharged particles cone into the electrostatic field thus crested. The 
field changes quickly and the unbalanced forces on the particles drive than toward 
the fiber surfaces. Once there, the particles contribute to the non-uniformity of 
the field. The increased efficiency of the filter is attributed to the creation of 
the non-uniform electrostatic field. Similarly, filter efficiency can be increased 
by applying polyethylene or styrene-butadiene copolymer from a hydrosol. 

The selection criteria for materiel* used, in this process are listed below; 

Particles should be spherical in shape for beat results. 

Materials must have low moisture absorption. 

Materials should be resistant to being wet by tobacco smoke. 

Materials must have high surface resistivity and high bulk resistivity. 

nose materials within the tribo-eleotrie series meet the criteria listed above* 

Styrene-butadiene copolymers 


Bow later 560 

Percent solids by weight 

48 

Styrene to butadiene ratio 

SO/LO 

Particle else 

0.19 - 0.21 ft 

Sow Later 566 

Percent solids by weight 

4© 

Particle sice 

0.2 p 

Bow Latex J&SM 

Percent solids by weight 

40 t 

Styrene to butadiene ratio 

67/33 

Particle siae 

0.2 p 

Bow Latex 630 

Percent aolids by weight 

5C 

Particle size 

0.14 p 
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Bow Latex 630, 512K, 513X, 5.121,, 7621., 529X 

Percent solids by weight 43 

Styrene to butadiene ratio 60/40 

Particle size 0*2 p 


Polystyrene 
Bow Latex 586 

Pei’s eat solids by weight 4?* 5 

Particle size 0«22 fx 


Other Polystyrenes Lstexe* 

9-10 

0*068 p 0.557 /» 

0*188 ft 0.613 P 

0.264 p 1.171 ft 

0.365 yU 


Percent solids by weight 
Particle sizes 


Bow Latex 2582 

Percent solids by weight 

Vlnyltdene chioride-acryonitrila copolymer 

Ssrsn Latex (Bow) F122A15, P122A20 
Percent dibutyl phthalate 
.., Percent solids by weight 
Particle alee 


41 


lb. 8 - 15.8 
51*5-53 

0*2 ft 


VlTOrlchlorlde-vlgylldene chloride copolymer 
Bow Lstex ?bhB 

Percent solids by weight 50 

Particle alee " 0.2 ft 


Polyvinyl chloride 
Bow Latex 

Percent solids by weight 
Particle size 

Acrylic Copolymer 

Bow Latex 2647 

Percent solids by weight 


50 

0.16 p 


4? 
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Polyethylene (film - former) 


*8 73? 

Percent solid* by weight 50 

Particle also 1.0 /» 

The filter produced by Mr. Dawidow end Mr. Mitchell differs from the filter made 
•t Port on, England, in these ways: 


Philip Morris Filter 


Porton Filter 


Materials : Cellulose acetate 
fibers impregnated with 
polystyrene latex beads* 


Materials : Wool fibers impregnated 
with para- tertiary butyl phenol* 
formaldehyde resin* 


Application : Polystyrene beads Application : fibers unlforaly coated 

deposited non-uniformly on with resin. Particle else - 1 

fibers from an aerosol or micron diameter, 

hydrosol. 

diameter. 


Charge : Polystyrene precharged in Charge : Mecbenleally induced by 

aerosol. Fibers charged carding resin-coeted wool fibers, 

frietlonally. Polystyrene may 
also he charged by drawing dry 
air across surfaces. 

life of Filter Efficiency : leakage 
or neutralisation of the charge 
caused a reduction in efficiency 
of the filter; charge instable 
oyer long periods of time. 

Use of Filter? For filtration of Use of Filter ? Gaa mask*, etc. 

particulate matter in cigarette 
smoke. 


life a* Filter Efficiency ! Sigh 
resistivity cakescharge more 
stable than that of Portae filter. 


Mr. Mitchell's and Mr. Bavidea's invention of the electro-stptic filter may be 
illustrated by the following examples: 


Example X 

Application of Polyethylene (FETT37) From a Hydrosol 

A suspension of polyethylene heads {approximately 1 diameter) was diluted to 0.5£ 
solids by weight. Unwrapped cellulose acetate tow was dipped into the suspension 
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sol allowed to adsorb some of the sol. The tow was removed before ell the cellulose 
acetate fibers were wetted and dried at room temperature* The towfe was then re¬ 
wrapped end attached to s Marlboro cigarette. Die electrostatic charge was generated 
by gases going across the surfaces of the fibers and the particles. Twenty of the 
treated filtered cigarettes were sacked on a smoking machine, four at a time. The 
filter efflatency of the electrostatically chsrgsd filters were compared with the 
efficiency of the regular untreated Marlboro filter on the basis of total particulate 
matter. The efficiency of the treated filter was increased by 30»5Qj&. 


Example 11 


A suspension of polyethylene in water was diluted to 0.9 % solids and kplaeed in s 
Lsuterbseh-type aerosol generator. Die polyethylene aerosol was generated by a high- 
velocity air jet which tore off the surface of the hydro col, creating an aeroaol. 

When dry air and a small amount of heat were applied to the aerosol, the water 
evaporated, leaving essentially discrete polyethylene spheres. Die particles became 
charged by passage through the air bsfore disposition. The polyethylene aerosol wee 
then drawn by suction through a Marlboro filter. The treated filter wse then mounted 
on e Ksrlboro cigarette end evaluated in tbe manner described, in Sxample The 
efficiency of the treated filter verted widely but showed a definite increase. 

Example III 


Polystyrene latex beads ranging la alee from s fraction of s micron to about 850 
microns were placed in a nebuliser and aerosolized. The aerosol wss then drawn into 
s Marlboro filter by suction, cresting an electrostatic charge on the particles and 
causing deposition of the particles on Die fibers of the filter. The filter was 
mounted on a Marlboro cigarette and evaluated as described in Example I* The treatment 
resulted in an increased filtration efficiency of 30»50£. 

In all eases, there vat no resistance to draw (STD) and no increase in filter weight, 
as weighed on an analytical balance. The length of time the filters remain effective 
depends upon the half-life of the charge. Half-life is dependent upon the materiel 
used, method of manufacture, and the impurities in the latexes. HO work has been dona 
to date in this eras. Half-life of charges can vary from seconds to at least 900 
years. 

> 

Furthermore, Mr. Eevidow and Mr. Mitchell believe that this process, in addition to 
producing an efficient cigarette filter, is applicable to dust filters for the removal 
of mists and dusts .generated by industrial processes. In combination with carbon or 
silica gels, they believe it applicable to the removal of aerosols in any closed 
system (filtration of air in submarines, space capsules, etc.). It has possible 
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usages, also, in the filtration of non-conducting solutions (clarification of 
petroleum derivatives, removal of acdimantation in product* produced by the Food 
end Drug Industries}* 

The results of any further development of the electrostatic,; filtration invention 
vill he reported and shall become a part of this disclosure. 


Sincerely yours. 


x_ CZ 


(Mra.) Thelma C* Heatvole 
Patent Liaison Officer 


TCB/clv 

ecs Dr* H. Vakehaa 
Sr. A. Bsvley 
Nr* B. Bavldou ^ 

. - - V 1. ■ *■ * -A 


«0>" -.J* *> • .-. -4“ W V?V ^ 
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